In cruciferous plants insect attack or physical damage induce the synthesis of the glucosinolate breakdown product indole-3-carbinol, which plays a key role in the defense against attackers. Indole-3-carbinol also affects plant growth and development, acting as an auxin antagonist by binding to the TIR1 auxin receptor. Other potential functions of indole-3-carbinol and the underlying mechanisms in plant biology are unknown. Here we show that an indole-3-carbinol-dependent signal induces specific autophagy in root cells. Leaf treatment with exogenous indole-3-carbinol or leaf-wounding induced autophagy and inhibited auxin response in the root. This induction is lost in glucosinolate-defective mutants, indicating that the effect of indole-3-carbinol is transported in the plants. Thus, indole-3-carbinol is not only a defensive metabolite that repels insects, but is also involved in long-distance communication regulating growth and development in plants.
INTRODUCTION
Glucosinolates (GSLs) are sulfur-containing secondary metabolites produced by the Cruciferae, including Arabidopsis thaliana (Fahey et al., 2001) . In the human diet, specific GSLs function as flavor compounds and also as cancer-preventing agents (Halkier and Gershenzon, 2006) . In plants these molecules play a key role in defense against biotic attackers. Tissue damage from herbivores or by physical means initiates hydrolysis of GSLs, and further catalysis results in the formation of a wide variety of chemicals (McDanell et al., 1988; Halkier and Gershenzon, 2006) . These breakdown products typically have a direct deterrent effect on generalist herbivores. In addition to their toxic effects on herbivorous insects, GSL breakdown products may serve as signaling molecules in plant defense responses (Clay et al., 2009) .
Indole-3-carbinol (I3C), one of the breakdown products of GSLs, is synthesized from the breakdown of indole-3-ymethylglucosinolate following insect attack or physical damage (Agerbirk et al., 2009) . In human cells, treatment with I3C triggers the involvement of various signaling pathways, but most of the functions of I3C and the underlying mechanisms are unknown (Li et al., 2003) . We previously showed that I3C affects plant growth and development by directly modulating auxin signaling (Katz et al., 2015a,b) . However, I3C probably also has other influences on plant homeostasis.
Autophagy, the process of recycling of cellular contents, is highly regulated and evolutionarily conserved among eukaryotes, with the underlying genetic mechanism having been well elucidated (Yang and Klionsky, 2010) . Autophagy is essential for maintaining cellular homeostasis under a variety of conditions, enabling cells to re-use damaged proteins and organelles (Klionsky, 2005) . A basal level of autophagy acts as a quality control mechanism during favorable growth conditions, and can be stimulated upon others (Meijer and Codogno, 2004; Inoue et al., 2006) . In plants, autophagy is stimulated upon specific developmental processes such as germination, seedling establishment and senescence, and various biotic and abiotic stresses (Michaeli et al., 2016) . Pathogen-induced autophagy can function in two opposing ways, either by promoting cell survival or by leading to cell death (Liu and Bassham, 2012) .
Autophagy can be either non-specific or specific. Nonspecific autophagy includes bulk degradation of general cytoplasmic content for recycling, and occurs under conditions such as starvation. Specific autophagy specifically targets damaged proteins and other cellular components for degradation (Svenning et al., 2011) . In mammals, the major components of the specific autophagy machinery are p62 and mNBR1. p62 targets ubiquitin-modified proteins and protein aggregates to the autophagy system. p62 then interacts with mNBR1, another mammalian-specific autophagic adaptor, and both proteins co-localize with ATG8 (Matsumoto et al., 2011) .
The autophagy process starts with the formation of a double-membraned vesicle, the autophagosome, which contains the cargo to be degraded. The autophagosome then transfers its content to the lysosomes (in animals) or the vacuole (in yeast and plants), where it is degraded by lytic enzymes (Bassham, 2007) . Most of the autophagy genes are conserved among eukaryotes (Avin-Wittenberg et al., 2012) , with more than 30 Arabidopsis thaliana genes showing close sequence similarity to yeast AuTophaGyrelated (ATG) genes (Bassham et al., 2006) . The ATG8 protein family is involved in both bulk and specific autophagy. In Arabidopsis, this family comprises nine isoforms, annotated ATG8A-ATG8I (Avin-Wittenberg et al., 2012) . Under nutrient-rich conditions, ATG8A and ATG8F are found in the cytosol and the nucleus, whereas during autophagy they are localized to autophagosome-resembling structures (Slavikova et al., 2005) . Following localization to the autophagosome membrane, ATG8 can interact with adaptors to incorporate specific cargo into the autophagosome (Floyd et al., 2012) . One of these adaptors is AtNBR1. AtNBR1 is a functional hybrid of mammalian p62 and mNBR1. Since AtNBR1 binds both ubiquitin-modified substrates and ATG8, it is specifically targeted to vacuoles and degraded (Svenning et al., 2011) .
Here we show that I3C induces specific autophagy in Arabidopsis root cells, where TIR1/AFB is one of the targets. We also found that wounding of leaves induces an I3C-dependent response in roots, demonstrating that the effect of I3C is transported from the leaves to the roots.
RESULTS

I3C induces autophagy in Arabidopsis roots
We previously showed that exogenous I3C inhibits root elongation within minutes of application, and that longterm exposure leads to severe inhibition of root growth (Katz et al., 2015b) . To visualize the influence of I3C on cell morphology, Arabidopsis seedlings were grown on solid MS medium, harvested into liquid MS containing I3C or DMSO (as a control) for 6 h, and then fixed and sectioned and the roots imaged with transmission electron microscopy. Cells in the I3C-treated samples showed a number of phenotypes including partial separation of the protoplast from the cell wall. Numerous punctate structures resembling autophagosomes were observed in the cytoplasm of the I3C-treated, but not control, cells. While vacuoles of control plant cells were essentially empty, vacuoles in the I3C-treated cells also contained many dense particles (Figure 1a) .
These results suggested that exposure to I3C leads to a rapid induction of autophagy. To examine this hypothesis at the molecular level, we used transgenic plants expressing a single AtATG8F isoform fused to GFP at its N-terminus to visualize autophagosomes in living plants. The AtATG8F-GFP seedlings were grown on MS medium and treated with I3C or DMSO for 30 min. Both groups were also treated with concanamycin A (conA), which inhibits vacuolar ATPases, thereby slowing down the acidification of the vacuole sap and facilitating the visualization by confocal microscopy of the GFP-marked autophagosomeresembling structures inside the vacuoles (Figure 1b ) (Slavikova et al., 2005) . Following I3C treatment, a 10-fold increase in the number of autophagosomes was observed in the root cells (Figure 1c ). To further analyze autophagy at the molecular level, we measured mRNA levels of AtATG8H, another member of the ATG8 gene family. As seen in Figure 1 (d), quantitative (q)RT-PCR analysis revealed a 1.85-fold elevation of AtATG8H mRNA levels following I3C treatment.
To examine whether the autophagy induced by I3C is specific or non-specific, we used plants expressing both GFP-AtATG8A and mCherry-AtNBR1, where the interaction of the two trans-proteins is a marker of specific autophagy (Svenning et al., 2011) . The seedlings were treated with conA as above and either I3C or DMSO for 2.5 h, and the roots were then imaged using confocal microscopy. Upon I3C treatment, punctuate co-staining of both GFP-AtATG8A and mCherry-AtNBR1 was observed in the root cells (Figure 2) . In contrast, in cells of control roots the presence of the autophagosomes was almost undetectable. The colocalization of GFP-AtATG8A and mCherry-AtNBR1 indicates that I3C-induced autophagy is specific.
TIR1/AFB2 is one of the targets of the I3C-induced autophagy
We previously showed that I3C competes with auxin for binding in the auxin pocket of TIR1/AFBs (Katz et al., 2015b) . However, while I3C-induced inhibition of root growth is reversible, we do not know if the binding of I3C to TIR1/AFBs renders the receptor permanently inactive. An irreversible interaction would potentially induce specific autophagy to remove the I3C-occupied TIR1/AFB complexes.
To test this possibility, we treated seedlings expressing a VENUS-tagged version of AFB2 (Wang et al., 2016) with FM4-64 to label vacuolar tonoplasts. We then treated the seedlings with DMSO or I3C, and imaged their roots using confocal microscopy. In the control, DMSO-treated, seedlings AFB2 accumulated in most root cell types, and was localized to the cytoplasm and nucleus, with the vacuoles being completely devoid of AFB2 (Figure 3 ). In seedlings treated with I3C for 1 h, the AFB2-VENUS signal became more diffuse and also accumulated in vacuoles ( Figure 3 ). This suggests that AFB2, and by extension TIR1/AFBs in general, is one of the targets of the specific autophagy induced by I3C.
The effect of I3C is transported from leaves to roots
We have previously shown that direct treatment of Arabidopsis roots with I3C reduces auxin signaling by acting as an auxin antagonist on the TIR1 receptor (Katz et al., 2015b) . Indole-3-ymethylglucosinolate, the precursor of I3C, is the main indole glucosinolate (IG) in the leaves. Hence leaves are the primary site of I3C synthesis following herbivore-induced tissue damage (Agerbirk et al., 2009 ). Therefore we hypothesized that I3C functions not only to repel the herbivore but may also influence plant growth by directly modulating root growth. We therefore tested whether a leaf-induced signal could induce autophagy and reduce auxin signaling in roots.
To check whether apically applied I3C influences auxin signaling in roots, we employed DII-VENUS plants, in which the VENUS protein is fused to the auxin interaction (a) Seven day-old wild-type (WT) seedlings were treated with DMSO or 500 lM I3C for 6 h, fixed, sectioned and the roots were imaged using transmission electron microscopy. Arrows point to vacuolar inclusions. Scale bar = 5 lm. (b) Transgenic GFP::AtATG8F plants were grown on MS medium for 7 days, treated with concanamycin A (conA) and either DMSO or 100 lM I3C for 30 min and the roots were Z-stack imaged every 1 lm using a confocal microscope. The yellow boxes are magnifications of the indicated areas. Scale bar = 10 lm. (c) The number of autophagosomes in each root was counted and divided by the number of layers that were photographed. For each treatment, five to seven seedlings were used. Student's t-test, P < 0.01. (d) Normalized AtATG8H expression level of 7-dayold WT seedlings treated with DMSO or 200 lM I3C for 2 h. Three biological repeats were performed. Student's t-test, P < 0.01. domain II of Aux/indole-3-acetic acid (IAA), and the VENUS signal is sensitive to auxin in a reverse dose-dependent manner (Brunoud et al., 2012) . Two microliters of liquid MS containing either 300 lM I3C, 80 nM IAA, both IAA and I3C, or DMSO as a control, was applied to the region of the apical meristem (between the two cotyledons) of 7-day-old DII-VENUS plants. Petroleum jelly was applied to the hypocotyls to avoid external leakage of the applied liquid from the apical regions to the roots. Eight hours later, the YFP fluorescence in the roots was monitored and quantified using confocal microscopy.
Following the apical IAA treatment, low YFP-VENUS fluorescence was measured in the roots, indicating a high auxin signal (Figure 4a ). Following treatment of the apical region with I3C, high YFP-VENUS fluorescence was observed, indicating a reduction in auxin response in the root tip. When the apical regions were treated with both I3C and IAA, relatively high YFP fluorescence was observed (Figure 4a ). These results demonstrate that the apical addition of I3C inhibits auxin signaling in the roots and antagonizes the excess of auxin, and suggests that the effect of I3C on auxin response is transported in the plant.
Next, we examined whether the addition of I3C to the apical regions would also induce autophagy. For this purpose, we used GFP::AtATG8F-expressing plants. GFP:: AtATG8F seedlings were analyzed as above. The I3C-treated plants showed an increase in root cell autophagy. The average number of autophagosomes per layer in a confocal stack was calculated. While DMSO-treated seedlings showed about 2.5 autophagosomes per layer, I3C-treated seedlings had about 10 autophagosomes per layer (Figure 4b) . Thus, apically applied I3C not only inhibits auxin signaling in the roots but also induces autophagy.
Wounding Arabidopsis leaves induces an I3C-dependent signal in the roots Next, we aimed to examine the effect of endogenous I3C on auxin signaling and autophagy. Since endogenous I3C is synthesized upon tissue damage (McDanell et al., 1988; Halkier and Gershenzon, 2006) , we used tissue damage as a proxy for I3C treatment. As above, we used the DII-VENUS marker to measure auxin response, and the GFP:: AtATG8F marker to measure autophagy. Cotyledons of 7-day-old seedlings were wounded with tweezers, and their roots analyzed by confocal microscopy.
As seen in Figure 5 (a), wounding the cotyledons did not significantly reduce the auxin response in roots (Figure 5a , VI versus I). However, when the seedlings were simultaneously wounded and treated with IAA, there was a noted reduction in the IAA-induced signal relative to that in unwounded plants (Figure 5a , V versus III). This indicates that wounding of cotyledons led to a signal which antagonized the application of IAA.
Similarly, a four-fold increase in the average number of autophagosomes in roots was detected 6 h following cotyledon wounding (Student's t-test, P < 0.003) (Figure 5b) . Thus, the effect of leaf wounding is transported to the roots, resulting in both induction of autophagy and inhibition of auxin response.
These results allude to a role of a cotyledon-based I3C signal. To further examine this possibility, we used the double knockout mutant cyp79B2 cyp79B3 that is defective in IG production. CYP79B2 and CYP79B3 catalyze the conversion of tryptophan to indole-3-acetaldoxime (IAOX), which is the common precursor for IGs. Hence, the cyp79B2 cyp79B3 double loss-of-function mutant contains low levels of IG (Zhao et al., 2002) .
To examine the susceptibility of the IG-deficient mutants to the induction of autophagy, wild-type (WT) and cyp79B2/cyp79B3 seedlings were grown on MS medium for 7 days and seedlings were harvested into liquid MS containing either DMSO, 200 lM I3C or DMSO, and wounding applied as above. RNA was isolated from root tips 2 h after wounding, and qRT-PCR analysis was performed. Following I3C treatment or wounding of the WT seedlings, the levels of AtATG8H mRNA rose almost two-fold (Figure 5c) . However, wounded leaves of the cyp79B2 cyp79B3 double mutant did not exhibit a significant increase in AtATG8H mRNA levels. A similar trend was observed for cyp79B2 cyp79B3 double mutant treated with I3C (Figure 5c) , possibly due to lower uptake of I3C by this mutant compared with WT (Katz et al., 2015b) .
To check if this result could be due to leakage of metabolites from the wounded leaf into the shared media we treated the leaves of 7-day-old WT seedlings on vertically oriented plates with either DMSO, 200 lM I3C or DMSO and wounding. Eight hours later we measured the levels of AtATG8H mRNA in the roots by qRT-PCR. Following I3C or wounding treatment the AtATG8H mRNA levels were elevated by 1.9-and 1.6-fold, respectively ( Figure S1 in the Supporting Information), confirming the results in Figure 5 (c).
DISCUSSION
Here we have shown that I3C induces autophagy in Arabidopsis roots. Moreover, this autophagy is specific, targeting TIR1/AFB, possibly among other proteins. We also found that the effect of I3C is transported from leaves to roots.
While we originally considered the possibility that the autophagy detected is a general stress response to the toxic I3C, several lines of evidence indicate that detected autophagy is biologically relevant. First, the I3C-induced co-localization of GFP-AtATG8A and mCherry-AtNBR1 indicates that the autophagy is specific and not simply a stress response. Specific autophagy eliminates cellular components by a cascade of events that includes post-translational modification of the target protein, recognition of the substrate by a specific autophagy adaptor, such as NBR1, and then transferring of the cargo to the autophagosomes . Elimination of the TIR1/AFB-I3C complex might be one of the targets of the I3C-induced specific autophagy. Indeed, we found that treating AFB2-VENUS plants with I3C resulted in localization of AFB2-VENUS to some of the vacuoles, indicating it to be one of the targets of this autophagy.
Second, we detected autophagy in root cells not only following direct exposure of the roots to exogenous I3C but also after treating leaves. Autophagy was detected in root cells of seedlings whose leaves were treated with I3C. This indicates some type of I3C-induced shoot-root (a) Leaves of 6-day-old DII-VENUS plants were treated with either DMSO, 300 lM I3C, 80 nM indole-3-acetic acid (IAA) or both 300 lM I3C and 80 nM IAA. Eight hours later, the roots were imaged using a confocal microscope. Cell walls were stained using propidium iodide. The relative integrated density of the VENUS fluorescence was quantified. A one-way ANOVA and a Tukey post hoc analysis were performed. For each treatment, seven or eight seedlings were used. Scale bar = 50 lm. Student's t-test, P < 0.001. (b) Leaves of 7-day-old GFP::AtATG8F plants were treated with concanamycin A and either DMSO or 400 lM I3C. Four hours later, the roots were Z-stack imaged every 1 lm using confocal microscope. The number of autophagosomes in each root was counted and divided by the number of layers that were photographed. For each treatment six or seven seedlings were used. Scale bar = 10 lm. Student's t-test, P < 0.05.
communication that results in autophagy in the roots. Physiologically, the exogenous application of I3C to leaves could mimic endogenous I3C released following herbivory and tissue damage (Agerbirk et al., 2009) . Endogenous I3C is synthesized in Arabidopsis by the hydrolysis of indole-3-ymethylglucosinolate by the myrosinase enzyme following tissue rupture (McDanell et al., 1988; Halkier and Gershenzon, 2006) . We found that wounding leaves induces an I3C-dependent response in the roots, including induction of autophagy. However, this induction was lost in the cyp79B2 cyp79B3 mutant, which is impaired in IG, and thus I3C, synthesis. Although this mutant is not a clean mimic of I3C signaling, and indeed it is possible that a blend of potentially opposing signals are abolished in this mutant, our results do show that IGs have a role in the root response to leaf wounding. Hence, these results support the idea that the effect of I3C is indeed transported, providing a possible mechanism for the effect of I3C in arresting root elongation following an insect attack above the ground.
The idea of I3C as a mobile signal is not far fetched. The role of transport of plant hormones in plant physiology is well established (Santner et al., 2009) . Glucosinolates are also mobile metabolites, moving bidirectionally between rosette and roots (Andersen et al., 2013) . Two GSL transporters, AtGTR1 and AtGTR2, are involved in this movement (Nour-Eldin et al., 2012) . Only recently, a specific IG transporter, AtGTR3, was identified in Arabidopsis. These three transporters act together to distribute IGs between roots and shoots (Jørgensen et al., (a) Leaves of 6-day-old DII-VENUS plants were treated with either DMSO, 300 lM I3C or 80 nM indole-3-acetic acid (IAA) and wounded. Cell walls were stained using propidium iodide. Eight hours later, the roots were imaged using a confocal microscope. For each treatment, five to eight seedlings were used. Scale bar = 50 lm. Student's t-test, P < 0.001. (b) Leaves of 7-day-old GFP::AtATG8F plants were wounded as indicated, the roots were treated with concanamycin A, and 6 h later the roots were Z-stack imaged every 1 lm using a confocal microscope. The number of autophagosomes in each root was counted and divided by the number of layers that were photographed. For each treatment four or five seedlings were used. Scale bar = 10 lm. Student's t-test, P < 0.003. (c) Wild-type (WT) and cyp79B2/cyp79B3 seedlings were grown on MS medium for 7 days. Five to seven seedlings of each treatment were harvested into 2 ml of liquid MS containing either DMSO or 200 lM I3C, and were wounded as indicated. After 2 h total RNA was isolated, cDNA was synthesized and RT-PCR was performed. The cDNA levels of AtATG8H were normalized to actin. Multiple comparisons between experiment, genotype and treatment using ANOVA followed by Tukey's honestly significant difference test were performed (P < 0.001).
2017). The I3C signal could be movable as part of the GSL transport process, or I3C could either share transporters with similar chemicals or have its own unique transport mechanism. Alternatively, I3C could induce an intermediary signaling chemical which would lead the effect detected in the roots.
The I3C-autophagy connection is not limited to the plant kingdom, as was recently demonstrated as well in human cells. Treatment of human colon cancer HT-29 cells with I3C and genistein suppressed the cells' viability and enhanced the induction of autophagy (Nakamura et al., 2009) . Treatment of human breast cancer cell lines with a cyclic tetrameric derivative of I3C induced upregulation of key signaling molecules involved in endoplasmic reticulum stress response and autophagy (Galluzzi et al., 2012) . However, the direct signaling mechanism between I3C and the induction of autophagy remains elusive. However, that autophagy is an endpoint of an I3C-induced signal in both plant and human cells opens the possibility of a shared signaling mechanism.
We proposed earlier that I3C contributes to herbivoryinduced arrest of plant growth (Katz et al., 2015b) . Specific autophagy could be critical for detoxification of I3C-induced growth arrest. However, the unstable nature of I3C could indicate that there is also a chemical detoxification of the molecule, in addition to the specific autophagy.
Our results highlight the multiple roles of I3C in various processes in plants, including antagonizing auxin and inhibiting plant growth during insect attack, as well as inducing autophagy that can be a general pathogen defense mechanism. Thus, in addition to repelling insects, I3C is involved in long-distance communication regulating growth and development in plants.
EXPERIMENTAL PROCEDURES Plant materials and growth assays
Arabidopsis strains used in this work were all WT ecotype Columbia-0 background. Transgenic and mutant lines were previously reported: GFP::AtATG8F (Slavikova et al., 2005) , DII-VENUS (Brunoud et al., 2012), GFP-AtATG8A and mCherry-AtNBR1 (Svenning et al., 2011) , pAFB2:gAFB2-VENUS (Wang et al., 2016) and cyp79B2 cyp79B3 (Hull et al., 2000) . Seeds were cultivated in Petri plates on medium containing 0.8% agar and 0.5 MS salts, pH 5.7. The plates were placed vertically in chambers at 22°C with light/ dark cycle conditions of 16 h of white light at 75 lmol m 2 sec
À1
and 8 h of darkness, at 55% relative humidity. All treatments were conducted under the same day time conditions.
Preparation of chemicals
I3C and IAA/auxin (Sigma, http://www.sigmaaldrich.com/) were dissolved in DMSO to produce 1 M solutions and stored in the dark at À20°C. Concanamycin A (Sigma) was dissolved in DMSO to produce a 100 lM solution, and stored in the dark at À20°C. FM4-64 (Invitrogen, http://www.invitrogen.com/) was added to liquid MS medium to produce a 5 lM solution.
Confocal microscopy
Five-to 7-day-old seedlings were transferred to liquid MS containing 100-500 lM I3C, 80 nM IAA or DMSO as a control. Wounding was performed using tweezers. For the GFP::AtATG8F and GFPAtATG8A and mCherry-AtNBR1 seedlings, conA was added to a final concentration of 1 lM to enable better visualization of the autophagosomes in the vacuoles. For FM4-64 treatments, seedlings were stained with 5 lM FM4-64 for 15 min, then washed for 1 h in liquid MS. For propidium iodide (PI) treatment, seedlings were submerged in 0.005 mg ml À1 PI in double-distilled water (DDW). The seedlings were placed on microscope slides and imaged using an LSM780 confocal microscope (Zeiss, http://www. zeiss.com/). The emission fluorescence was collected using 590-720 nm band-pass for PI, 606-695 nm band-pass for FM4-64, 520-580 nm band-pass for YFP and 490-530 nm band-pass for GFP. The YFP fluorescence was quantified using IMAGEJ software. Three-dimensional models were constructed by collecting images using Z-stack scanning at 1-lm intervals. To calculate the average number of autophagosomes in one layer of the root, the number of autophagosomes in each root was counted and divided by the number of layers in the root.
Transmission electron microscopy
Seven-day-old WT seedlings were transferred to liquid MS containing either 500 lM I3C or DMSO for 6 h. Then the plants were transferred into tubes containing 2.5% glutaraldehyde and 15 mM 2-amino-2-(hydroxymethyl)-1,3-propanediol (TRIS) buffer in DDW. The seedlings were then washed, post-fixed in 1% OsO 4 in PBS and washed again. After dehydration in 19 graded ethanol solutions the samples were embedded in Glycid ether (Serva, http:// www.serva.de/enDE). Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a Jeol 1200 EX microscope (https://www.jeol.co.jp/en/).
RNA production and qRT-PCR
RNA was purified from about 30 root tips of 7-day-old seedlings. Total RNA was isolated by the Trizol reagent (Thermo Scientific, 15596026, https://www.thermofisher.com/il/en/home.html) method according to the manufacturer's instructions. First-strand cDNA was synthesized using Verso cDNA Kit (Thermo Scientific, https:// www.thermofisher.com/). Quantitative RT-PCR was performed, and cDNA levels of AtATG8H were normalized to actin.
Primers used for qRT-PCR
ATG8H (AT3G06420) For: GGGATTGTTGTCAAGTCTTTCA, ATG8H (AT3G06420) Rev: GGGTATTTCGCTCTGATACGA, Actin (AT1G 49240) For: CACTTTCCAGCAGATGTGGATC, Actin (AT1G49240) Rev: AATGCCTGGACCTGCTTCAT.
Transport from the leaves to the roots
The apical regions of 7-day-old seedlings were treated with 2 ll of MS solution with DMSO (as a control), I3C, IAA or wounded and treated with DMSO. Generic petroleum jelly (BP grade) was applied to the hypocotyls to avoid external leaks of the applied liquid from the apical regions to the roots. Six to 8 h later their roots were analyzed (with confocal microscopy or frozen for RNA purification).
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